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Executive Summary  
Dewberry was tasked with developing a consistent and accurate topographic and bathymetric 
(topobathymetric) elevation dataset derived from high-accuracy Light Detection and Ranging 
(lidar ) technology for the Commonwealth of Puerto Rico Project Area. The topobathy lidar  data 
was acquired by the National Oceanic & Atmospheric Administrationôs (NOAA) National 
Geodetic Survey and was previously delivered to NOAA and USGS. This report specifically 
describes the acquisition, processing methods, assessment, and ground survey for the 
topographic lidar data  and derivative products. For information regarding the topobathy lidar 
data please see Appendix E delivered with this report.  
 
The lidar  data were processed and classified according to project specifications. Detailed 
breakli nes and bare-earth Digital Elevation Models (DEMs) were produced for the project area.  
Data was formatted according to tiles with each tile covering an area of 1,500 m by 1,500 m.  A 
total of four thousand seven hundred fourteen (4,714) tiles will be produced for the project 
encompassing an area of approximately three thousand four hundred fifty one ( 3,451) square 
miles. The lidar data were acquired over two different acquisition campaigns. The first campaign 
occurred from January 26, 2016 through May 15, 2016 and acquired two thousand three hundred 
sixteen (2,316) square miles of topographic lidar data. The second campaign occurred from 
December 8, 2016 through March 16, 2017 and acquired one thousand seven hundred seventy 
nine (1,779) square miles of topographic lidar data. As such, the lidar data were submitted to 
USGS in two separate deliverables. The first deliverable contained two thousand six hundred sixty 
six (2,666) tiles. The second deliverable contained two thousand forty eight ( 2,048) tiles. 
Considering some of these tiles contained only water, the first deliverable contained only two 
thousand four hundred fifty seven ( 2,457) tiles of topographic data. The second deliverable 
contained only one thousand nine hundred ninety five ( 1,995) tiles of topographic data with one 
thousand nine hundred forty one (1,941) having ground for DEM creation . The total tile count of 
data tiles is four thousand four hundred forty  (4,440) LAS and four thousand three hundred 
ninety eight (4,398) DEMs . The difference is due to some tiles only containing water points.  
 

THE PROJECT TEAM  

Dewberry served as the prime contractor for the project.  In addition to project management, 
Dewberry was responsible for LAS classification, all lidar  products, breakline production, Digital 
Elevation Model (DEM) production, and quality assurance.   
 
Dewberryôs Gary Simpson managed the ground survey for this project. His team surveyed 
accuracy assessment check points that were used for independent vertical accuracy testing of the 
the lidar -derived surface model. They also surveyed ground control points that were used to 
reference the lidar data with known ground positions.  In addition, Gary verified the GPS base 
station coordinates used during lidar  data acquisition to ensure that the base station coordinates 
were accurate. Please see Appendix A for the Accuracy Check Point Survey Report and Appendix 
B for the Ground Control Survey Report. 
 
Leading Edge Geomatics, LLC completed lidar  data acquisition and data calibration fo r the 
project area. 
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SURVEY AREA  

The topographic lidar survey project area covers approximately three thousand four hundred fifty 
one (3,451) square miles of the Commonwealth of Puerto Rico which includes the outer islands of 
Culebra, Desecheo, Mona, Vieques, Muertos, Cabeza de Pero, and Cayo Icacos.  Figure 1 shows 
the project boundary of the lidar survey.  
 

 
Figure 1 ï Puerto Rico Topographic Lidar Project Boundary  

DATE OF SURVEY  

The initial lidar  aerial acquisition was conducted from January 26, 2016 through May 15, 2016. 
However, only eighty percent (80%) of the project areas was surveyed during this acquisition 
period due to persistent, low lying cloud  cover in the southeast region of Puerto Rico. After 
discussions with local officials, meteorologists, and USGS the project team determined that this 
cloud cover would persist through the summer and likely into the fall. Therefore, the decision was 
made to resume the lidar survey in December 2016 when cloud cover was expected to be less 
impactful . The subsequent lidar survey commenced on December 8, 2016 and was completed on 
March 16, 2017. Figure 2 shows the collection status of flight lines that were planned during the 
initial lidar acquisition .  
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Figure 2 ï Flight  lines  shown in pink  surveyed from January 2016 to May 2016.  

Flight lines shown in red surveyed December 2016  to March 2017 . 

COORDINATE  REFERENCE  SYSTEM  

Data produced for the project were delivered in the following reference system. 
Horizontal Datum: North American Datum 198 3, 2011 Adjustment (NAD83 (2011)) 
Vertical Datum: Puerto Rico Vertical Datum of 2002  (PRVD02) 
Coordinate System: State Plane Coordinate System, Puerto Rico Zone 5200 
Units: Horizontal units are in meters, Vertical units  are in meters. 
Geiod Model: Geoid12B (Geoid 12B was used to convert ellipsoid heights to 

orthometric heights).  

LIDAR VERTICAL ACCUR ACY  

For the Puerto Rico QL2 Lidar Project, the tested RMSEz of the classified lidar data for 
checkpoints in non-vegetated terrain equaled 9.3 cm  compared with the 10 cm specification; and 
the NVA of the classified lidar data computed using RMSEz x 1.9600 was equal to 18.2 cm , 
compared with the 19.6 cm specification. 
 
For the Puerto Rico Topographic Lidar Project, the tested VVA of the classified lidar data 
computed using the 95th percentile was equal to 20.6  cm, compared with the 29.4 cm 
specification.   
 
Additional accuracy information and statistics for the classified lidar  data, raw swath data, and 
bare earth DEM data are found in the following sections of this report.  

PROJECT DELIVERABLES  

The deliverables for the project are listed below. 
 

1. Raw Point Cloud Data (Swaths) 
2. Classified Point Cloud Data (Tiled) 
3. Bare Earth Surface (Raster DEM ï IMG Format)  
4. Intensity Images (8 -bit gray scale, tiled, GeoTIFF format) 
5. Breakline Data (File GDB) 
6. Independent Survey Checkpoint Data (Report, Photos, & Points) 
7. Calibration Points  
8. Metadata 
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9. Project Report (Acquisition, Processing, QC) 
10. Project Extents, Including a shapefile derived from the lidar deliverable.  

 

PROJECT TILING FOOTP RINT  

The first deliverable contained two thousand six hundred and sixty six (2,666) tiles. The second 
deliverable contained two thousand forty eight (2,048) tiles. The total tile count is four thousand 
seven hundred fourteen (4,714). Considering some of these tiles contained only water, the first 
deliverable contained only two thousand four hundred and fifty seven tiles (2,457) tiles of actual 
data. The second deliverable contained only one thousand nine hundred ninety five (1,995) tiles 
of actual data. The total tile count of actual data tiles is four thousand four hundred fifty two 
(4,452). The tile grid in Figure 3 is based on the U.S. National Grid and each tileôs extent is 1,500 
meters by 1,500 meters (see Appendix B for a complete listing of delivered tiles). 
 

 
Figure 3 ï Lidar Data Tile Scheme  
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Lidar Acquisition Report 
 
Dewberry elected to subcontract the lidar acquisition and calibration activities to Leading Edge 
Geomatics (LEG). LEG was responsible for providing lidar  acquisition, calibration and delivery 
of lidar  data files to Dewberry. 
 
Dewberry received calibrated swath data from LEG on April 4, 2016 and August 2, 2016. 

LIDAR  ACQUISITION DETAILS  

LEG planned two thousand two hundred forty two ( 2,242) passes for the project area as a series 
of parallel flight lines with cross flight  lines for the purposes of quality control. The flight plan 
included zigzag flight line collection as a result of the inherent IMU drift associated with all IMU 
systems.  Due to large changes in terrain height, the project area was broken down into three 
areas based on height above sea level.  This was required to maintain the project accuracy 
specification. In order to reduce any margin for error in the flight plan, LEG followed FEMAôs 
Appendix A ñguidelinesò for flight planning and, at a minimum, includes the following criteria:  

¶ A digital flight line layout using Track Air  flight design software for direct integration 
into the aircraft flight navigation system.  

¶ Planned flight lines; flight line numbers; and coverage area. 

¶ Lidar  coverage extended by a predetermined margin beyond all project borders to 
ensure necessary over-edge coverage appropriate for specific task order deliverables. 

¶ Local restrictions related to air space and any controlled areas have been investigated 
so that required permissions can be obtained in a timely manner with res pect to 
schedule. Additionally, LEG will file our flight plans as required by local Air Traffic 
Control (ATC) prior to each mission.  

LEG monitored  weather and atmospheric conditions and conducted lidar  missions only when no 
conditions exist below the sensor that will affect the collection of data. These conditions include 
leaf-off for hardwoods, no snow, rain, fog, smoke, mist and low clouds.  Lidar  systems are active 
sensors, not requiring light, thus missions may be conducted during night hours when weather 
restrictions do not prevent collection. LEG accesses reliable weather sites and indicators 
(webcams) to establish the highest probability for successful collection in order to position our 
sensor to maximize successful data acquisition. 

Within 72 -hours prior to the planned day(s) of acquisition, LEG closely monitored the weather, 
checking all sources for forecasts at least twice daily. As soon as weather conditions were 
conducive to acquisition, our aircraft mobilized to the project site to begin data collection. Once 
on site, the acquisition team took responsibility for weather analysis.  

Leading Edge Geomatics lidar  sensors are calibrated at a designated site located in downtown 
Fredericton , New Brunswick and are periodically checked and adjusted to minimize corrections 
at project sites.  Both systems were calibrated before departing for the project area.  Leading 
Edge Geomatics also completed a calibration over San Juan for calibration verification.  
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LIDAR  SYSTEM PARAMETERS  

Leading Edge Geomatics operated two Cessna 172 (C-FMNB, C-FCAU) and a Piper Navajo (C-
GKCN).  Each of the Cessnaôs carried a Riegl 680i scanner and the Navajo carried a Riegl 780. 

Table 1 illustrates Leading Edge Geomatics system parameters for lidar  acquisition on this 
project. 

Item  Parameter   

System Riegl 680i  Riegl 780 

Altitude (AGL meters)  1100 900  

Approx. Flight Speed (knots) 100 120 

Scanner Pulse Rate (kHz) 200  200  

Scan Frequency  2358 4715 

Pulse Duration of the Scanner 
(nanoseconds) 

5 5 

Pulse Width of the Scanner 
(m)  

1.5 1.5 

Swath width (m)  291 291 

Central Wavelength of the 
Sensor Laser (nanometers) 

1064 1064 

Did the Sensor Operate with 
Multiple Pulses in The Air?  
(yes/no)  

No No 

Beam Divergence 
(milliradians)  

0.5 0.25 

Nominal Swath Width on the 
Ground (m)  

1270 1039 

Swath Overlap (%) 50 50 

Total Sensor Scan Angle 
(degree) 

60 60 

Computed Down Track 
spacing (m) per beam 

0.7 0.63 

Computed Cross Track 
Spacing (m) per beam 

0.7 0.63 

Nominal Pulse Spacing 
(single swath), (m)  

0.7 0.65 

Nominal Pulse Density (single 
swath) (ppsm), (m)  

2.059 2.487 

Aggregate NPS (m) (if ANPS 
was designed to be met 
through single coverage, 
ANPS and NPS will be equal) 

0.5 0.456 

Aggregate NPD (m) (if ANPD 
was designed to be met 
through single coverage, 
ANPD and NPD will be equal) 

4 4.8 

Maximum Number of Returns 
per Pulse 

unlimited  unlimited  

Table 1: Leading Edge Geomatics  lidar  system parameter s 

ACQUISITION STATUS R EPORT AND FLIGHTLINES  
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Upon notification to proceed, the flight crew  loaded the flight plans and validated the flight 
parameters.  The Acquisition Manager contacted air traffic control and coordinate d flight 
pattern requi rements.  Lidar acquisition began immediately  upon notificati on that control base 
stations were in place.  During flight operations , the fligh t crew monitor ed weather and 
atmospheric conditions.   Lidar  missions were flown only when no condition  existed below the 
sensor that would affect the collection of data.  The pilot constantly monitor ed the aircraft 
course, position, pitch, roll, and yaw of t he aircraft.  The sensor operator monitored the sensor, 
the status of PDOPs, and performed the first Q/C review during acqui sition.  The flight crew 
constantly reviewed weather, water conditions and cloud locations.  Any flight lines impacted by 
unfavorable conditions were marked as invalid and re-flown imme diately or at an optimal time. 
Figure 4 shows the combined trajectory of the flightlines.  
 

 

Figure 4: Trajectories as flown by Leading Edge Geomatics . 

LIDAR  CONTROL  

Ten CORS base stations listed in Table 2 were employed by Leading Edge Geomatics for the 
collection.  All stations coordinates were the published CORS (2011).  The coordinates of all used 
base stations are provided in the table below. All control and calibration points are also provided 
in shapefile format as part of the final deliverables.   
 

Name  

NAD83 (2011) Puerto Rico State 
Plane  

Ellipsoid Ht  
 (NAD83  (2011) , m)  

Orthometric Ht 
(PRVD02  Geoid1 2B, 

m)  Easting X 
(m)  

Northing Y (m)  

PRAR 177385.0822 268319.5488 -18.543 24.9412 

PRGY 159651.0549 224127.6493 35.76 75.2273 

PRHL 229565.292 260531.3419 -22.539 18.8358 

PRJC 140157.4015 256417.8022 24.727 66.4938 

PRLP 259777.1193 240110.3683 58.883 98.7046 

PRFJ 282657.2547 254740.455 -20.768 20.6545 

PRLT 119984.3796 225234.2837 -13.36 26.7868 

PRN4 206801.2228 227146.0813 131.067 169.7802 

VITH  354752.3682 257065.5267 6.38 48.5751 
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CRO1 396088.4633  192529.7392 -29.423 11.8903 

Table 2 ï Base stations used to control lidar  acquisition  

 

AIRBORNE  GPS KINEMATIC  

Airborne GPS data was processed using the PosPac kinematic On-The-Fly (OTF) software suite. 
Flights were flown with a minimum of 6 satellites in view (13° above the horizon)  and with a 
PDOP of better than 4. Distances from base station to aircraft were kept to a maximum of 40  
km. 
 
For all flights, the GPS data can be classified as excellent, with GPS residuals of 3 cm average or 
better but no larger than 10 cm being recorded. 
 
GPS processing reports for each mission are included in Appendix C. 
 

GENERATION AND C ALI BRATION OF LASER POI NTS (RAW DATA)  

The initial step of calibration is to verify availability and status of all needed GPS and Laser data 
against field notes and compile any data if not complete. 
 
Subsequently the mission points are output using Rieglôs RiProcess application. System 
calibration was conducted prior to the aircraft departing for the project and the initial 
calibration values are used to position the point cloud.  If a calibration error greater than 
specification is observed within the mission, the roll , pitch  and yaw corrections that need to be 
applied are calculated. The missions with the new calibration values are regenerated and 
validated internally once again to ensure quality.  
 
Data collected by the lidar  unit is reviewed for completeness, acceptable density and to make 
sure all data is captured without errors or corrupted values. In addition, all GPS,  aircraft 
trajectory, mission information, and ground control fil es are reviewed and logged into a 
database. 
 
On a project level, a supplementary coverage check is carried out to ensure no data voids 
unreported by Field Operations are present. The results of this check are shown in Figure 5.  
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Figure 5 ï Lidar  swath output showing coverage.  

BORESIGHT AND RELATI VE ACCURACY  

The initial points for each mission calibration are inspected for flight line errors, flight line 
overlap, slivers or gaps in the data, point data minimums, or issues with the lidar  unit or GPS. 
Roll , pitch and scanner scale are optimized during the calibration process until the relative 
accuracy is met. 
 
Relative accuracy and internal quality are checked using at least 3 regularly spaced QC blocks in 
which points from all lines are loaded and inspected. Vertical differences between ground 
surfaces of each line are displayed. Color scale is adjusted so that errors greater than the 
specifications are flagged. Cross sections are visually inspected across each block to validate 
point to point, flight line  to flight line  and mission to mission agreement. 
 

For this project the specifications used are as follows: 

Absolute Vertical Accuracy <=10 cm RMSEz in non-vegetated open areas. 
Absolute Horizontal Accuracy = 0.6  m RMSEr 
Relative Swath Accuracy Ò 6 cm and Ò 8 cm RMSDz within swath overlap. 
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Figure 6 ï Profile view cross section of multiple swaths.  

  

 

Figure 7 ï QC block colored by elevation difference  to ensure accuracy at swath edges.  

A different set of QC blocks are generated for final review after all transformations have been 
applied. 
 




































































































































































































































